Non-Hodgkin lymphoma involving the skull base is a very rare tumour. The role of surgery for these patients remains controversial, as is the use of dural graft for CSF leak repair. With an increasing incidence of CNS lymphoma, more atypical presentations are reported. It is, therefore, important to include lymphoma in the differential diagnosis of skull base lesions as long-term remission is achievable for such patients, as shown in our case. Dural graft used for CSF leak repair could present with delayed complication mimicking tumour recurrence. Relevant published literature is reviewed.
Introduction
Primary central nervous system (CNS) lymphoma is a rare disease and accounts for 1% -2% of intracranial tumours [1, 2] . Immunocompromised patients, including those with organ transplantation, congenital immunodeficiencies, and acquired immunodeficiency syndrome (AIDS), are at a particularly high risk of developing this condition. However, there has been an increasing incidence of primary CNS lymphoma among immunologically competent individuals [3] .
Skull base primary CNS lymphoma is even rarer, but has been reported [4] [5] [6] . In immunocompetent patients with no predisposing history, the disease may not be suspected, since clinically and radiologically, they can be indistinguishable from squamous cell carcinoma, metastases, or intraosseous meningioma. The role of surgery for CNS lymphoma, and more importantly, for skull base lymphoma remains controversial as extensive skull base surgery can lead to significant morbidity, and reconstruction is imperative.
We present a case of primary skull base lymphoma, our surgical strategy, long-term outcome and the first reported delayed complication of dural patch in such a patient.
Case Report
A 49-year-old man initially presented with a 3-week history of persistent right facial pain, which started in the temporomandibular joint and spread to the right maxilla and temple, and was associated with paraesthesia. Two weeks later, he developed right eye ptosis, and visual disturbance. Neurological examination revealed right II, III, IV, V and VI cranial nerve palsies. MRI demonstrated a large destructive lesion in the anterior cranial fossa with breach of the cribriform plate, extension into the ethmoid and sphenoid sinuses, right middle cranial fossa and right parapharyngeal space. He subsequently underwent a joint bifrontal craniotomy and transnasal approach for tumour excision, and reconstruction of the anterior cranial fossa floor. Postoperative recovery was initially hindered by persistent CSF leak and pneumocephalus, where he underwent a second procedure for the repair of the CSF fistula using dural substitute (Neuro-Patch synthetic dural substitute, Aesculap).
Subsequent tissue diagnosis confirmed high-grade malignant B-cell lymphoma. Further evaluation (including CT chest, abdomen, pelvis, cerebrospinal fluid (CSF) analysis, serological investigations and bone marrow biopsy) showed no evidence of immunosuppression, of systemic disease, or of other tumours. He was then treated with intravenous chemotherapy (cyclophosphamide, vincristine, doxorubicin, prednisolone), prophylactic intrathecal methotrexate and autologous peripheral blood stem cell transplant. He made an excellent recovery with almost complete resolution of his symptoms. He was followed up regularly for 11 years with no evidence of recurrence.
At 12 years he reported nasal congestion. Surveillance MRI showed a mass lesion with contrast enhancement in the nasopharynx with suprasellar extension (Figure 1) . Transnasal biopsy revealed a fibrotic mass secondary to previous dural graft, which was not infected, and did not show any signs of integration with normal tissues. The dural graft was removed with no subsequent CSF leak and complete resolution of the mass and his symptoms. 16 years after his initial diagnosis of skull base lymphoma, he eventually died of causes unrelated to his malignancy. 
Discussion
Lymphoma is characterized by abnormal proliferation of lymphoreticular tissue occurring nodally as Hodgkin's lymphoma or extranodally as non-Hodgkin lymphoma (NHL). CNS lymphoma may occur as a primary disease or as part of disseminated disease. Although lymphomas of the skull base have been classified previously as non-CNS, or extracerebral lymphomas, recent reports described these lesions as atypical intracerebral or primary CNS lymphomas [4, [6] [7] [8] .
CNS lymphomas are uncommon, but the incidence is increasing in both immunocompetent and immunocompromised patients [3] . Historically, the median age of diagnosis of primary CNS lymphoma is 55 years for immunocompetent patients, and 31 years for AIDS patients, though they can occur in all age groups. The male to female ratio is 3:2. They usually occur in the basal ganglia, corpus callosum, thalamus, or periventricular region [9] . As the incidence of CNS lymphoma increases, more atypical presentations of this disease will be encountered.
The differential diagnosis of a destructive lesion in the anterior skull base, as described in this case, includes squamous cell carcinoma arising from the paranasal sinuses, chordoma, metastasis, intraosseous meningioma and esthesioneuroblastoma. Lymphoma, although uncommon, should be included in the differential diagnosis of such neoplasms of the skull base.
Nearly 30 cases of skull base lymphoma have been reported in the literature, with less than 20 reported in adults ( Table 1 ) [4] [5] [6] [7] [8] [10] [11] [12] [13] . Including our patient, adults with skull base lymphoma have a median age of 62 years, and vary from 37 to 83 years. The majority of the patients were male [10] , with male to female ratio 5:3. The interval from presentation to diagnosis varied from just over a week to nearly a year. Those with cranial nerve involvement often seek medical attention sooner, as compared to other patients who present late due to raised intracranial pressure symptoms from mass effect.
The initial role of surgery in the management of primary CNS lymphoma is usually tumour biopsy for tissue diagnosis: the role of gross total resection is still controversial, with reports of patients with long-term survival after complete resection of a solitary brain lesion [14, 15] . As seen in Table 1 , nine patients with skull base lymphoma had tumour biopsy for diagnostic purposes only, and six patients had partial resection of their lesions. We present the only case of gross total resection (curative) of skull base lymphoma with 14 years' survival. Gross total resection was carried out as a primary procedure instead of biopsy, in view of this patient's young age and our understanding of anterior skull base lesions at the time of his initial presentation over a decade ago, extensive skull base surgery was considered the best option for his survival. The options for treating primary CNS lymphoma have evolved significantly during the last few decades. Radiotherapy and chemotherapy, in isolation or in combination, have significantly increased the survival of many immunocompetent patients with primary CNS lymphoma. Early reports indicated an increase in median survival from 3.3 months to 15.2 months for patients receiving radiotherapy, but with a 5-year survival after treatment of only 7% [16, 17] . Patients receiving concomitant chemotherapy and radiotherapy live longer than those receiving radiotherapy alone, with median survival ranges from 16 to 44.5 months; and 5-year survival rate of 20% -30% [18] [19] [20] . For those with skull base lymphomas, eight patients had chemoradiotherapy, five patients had chemotherapy alone, and three patients had radiotherapy in isolation.
Survival data for patients with skull base lymphoma was available for eleven patients. Four died between 14 months and 20 months. Seven patients were still alive, with our patient having the longest follow up at 14 years. One patient represented at 5 months with recurrent disease, and had further chemoradiotherapy.
As shown in this case, long-term remission can be achieved by aggressive treatment of skull base lymphoma. This patient had a combined transnasal and subfrontal operation for aggressive tumour resection due to both intra-and extracranial tumour components. One of the complicating factors with such aggressive surgical resection of the anterior cranial fossa floor is CSF leak, as was encountered in our patient.
The repair of large dural defects is a problem faced by many neurosurgeons dealing with anterior skull base lesions. Various autografts, allografts, and artificial dural substitutes have been used for some time. Many synthetic plastics and fibres have been used; silastic membranes are some of the more frequently used dural substitutes. This is because they have many advantages for dural repairs: the material is inexpensive, is easily fashioned to size and shape, carries no risk of transmissible disease, and minimally reacts with adjacent neural tissues.
However, the use of silastic dural grafts is not risk free. In 1974 the first case of haemorrhage associated with the used of silastic dural substitute was reported [21] , and several reports followed. Cervical myelopathy due to infolding of the dural graft [22] , and spinal cord compression [23] due to formation of connective tissue around the silastic grafts were also reported.
Delayed complications occurring after 10 years of silastic dural graft used for cranial surgery were reported in 8 previous cases ( Table 2 ) [24] [25] [26] [27] [28] [29] [30] . Among these cases, silastic graft was used in four cases for supratentorial dural repairs, all of which had previous excision of meningioma and overlying dura. When patients presented with neurological symptoms over a decade later, imaging showed a mass lesion at the surgical site, with recurrent meningioma being the main differential diagnosis. Intraoperatively, all four cases were found to have a fibrotic haemorrhagic mass associated with the silastic dural graft, and subsequent removal was performed with good postoperative outcome. The other four patients had silastic dural graft used for posterior fossa repair. The patients presented with headache and vomiting: two patients had cerebellar fibrotic haemorrhagic mass, and the two others had SAH associated with silastic dural graft, to account for their symptoms. All patients subsequently had removal of the silastic dural patch.
We, hereby, report the first case of delayed fibrotic mass associated with synthetic dural graft mimicking tumour recurrence when used in used in skull base reconstruction.
Previous reports have demonstrated that local tissue reaction can lead to the formation of a connective tissue capsule or neomembrane around the silastic graft [31, 32] . Due to the inert nature of the silastic graft, adhesions are lacking between the dural substitute and the neomembrane, creating a potential space. Excessive proliferation of dural border cells and prominent sprouting of the delicate capillary network are two characteristics ascribed to these neomembranes [33, 34] . These sprouting capillaries are fragile and can bleed easily. In addition, there is little support from the surrounding fibrous tissue, making these membranes susceptible to movement, so shearing forces may be generated. Micro or macro haemorrhages can therefore occur into the potential space between the dural graft and the neomembrane.
The presence of neocapillaries around the silastic graft would explain the enhancing nature of such a lesion in our patient, and mimicking a recurrent tumour. Since our patient was symptomatic, and with radiological suspicion of tumour recurrence, he was brought back to theatre. During surgical exploration, the dural graft was clearly not incorporated into the anterior skull base and was easily removed. Despite the removal of the dural substitute, no CSF leak was encountered. Therefore, the silastic graft appears to have provided a platform for the reconstitution of the anterior cranial fossa floor, despite its failure to incorporate into the supporting structure. His symptoms of nasal congestion resolved postoperatively with subsequent follow up imaging showing no evidence of mass lesion.
Another consideration for this case was whether or not we could have performed a tissue biopsy during initial surgery, to make the diagnosis of skull base CNS lymphoma in order to commence the patient on chemoradiotherapy, therefore avoiding CSF leak, anterior skull base repair, and the subsequent delayed dural graft induced complication. As mentioned earlier, in view of his young age and our understanding of anterior skull base lesions at the time of his initial presentation over a decade ago, extensive skull base surgery was considered the best option for his survival. Although it is impossible to draw definite conclusions from a single case, we believe that gross total resection of the tumour has a significant role for the long recurrence-free survival of this patient. Without long-term patient survival, we would not have encountered the subsequent delayed complications as seen in this case.
Conclusions
With an increasing incidence of CNS lymphoma, more atypical presentations are reported. It is therefore very important to include lymphoma in the differential diagnosis of skull base lesions. The role of surgery in skull base lymphoma is controversial, and we present a patient who had curative gross total resection of the lesion and chemotherapy.
We also report the first case of delayed complications associated with neuro-patch graft used in skull base reconstruction. With the increasing types of synthetic dural substitute available on the market nowadays, we have to be vigilant of the potential complications that could be associated, even those occurring over a decade after insertion. Though tumour recurrence remains the main concern for patients with symptoms or radiological suspicion on subsequent follow-up, this case highlights another possibility that we should keep in mind.
